Abstract-This paper aims to investigate the effects of using natural resources that incorporates the basis of a sustainable city design in efforts to improve the urban thermal comfort in a hot and humid climate. Currently, one of the most crucial world environmental issues is urbanization in a hot and humid climate. In tropical areas, if the urban landscape is poorly designed, it will cause outdoor thermal discomfort. Natural plants and water bodies in the hot and humid landscape has a direct influence over the temperature of urban cities. Water bodies, for example, are able to lower the atmospheric temperature; whereas plants also can affect the surroundings passively. The effects of wet surfaces are increased if there is a presence of a shadow. Therefore, vegetation and water bodies are used in designing a sustainable city in order to increase the quality of outdoor thermal comfort in a hot and humid climate. This is hoped to provide a better and more comfortable human living environment.
I. INTRODUCTION
In this current era of global warming and drastic climate change, important steps should be adopted to protect the climatic conditions and the balance of the ecosystem in urban areas, especially for the coming years. Tropical urbanization still persists as the largest and the most imperative man-made environmental issue internationally [1] . The best designs and landscape planning are the ones which are sensitive to the change of climate and responds efficiently to energy conservation and sustainability [2] . Professional and experienced landscape architects are able to provide valuable design feedback to solve environmental problems. Landscape architects are able to understand the relation between the built and natural elements; thus they play a major role in controlling the negative damages of extreme climatic conditions and bad weathering [3] .
The first step that should be taken during the planning phase is to determine the bioclimatic components that are present in the environment, such as forest areas or natural water bodies [4] . The changes in climate, air quality, amount of anthropogenic pollutants, and regional and global atmospheric chemistry originate from cities [5] . By assimilating design characteristics of a sustainable landscape through the use of natural vegetation, the urban temperature of a hot and humid tropical area will be able to be altered ( 1) [6] . Water bodies and vegetation in urban areas are crucial in balancing and beautifying the ecosystem. The results of this paper describe the strategy of using a sustainable landscape design to raise the performance of urban thermal comfort in a hot and humid climate; therefore contributing towards a better quality of life. During the 1990s, researchers attempt to develop and measure the current condition and value of the world's ecosystem, and the amount and quality of natural resources on Earth [7] . Several factors that have led to landscape degradation are high density of city infrastructures, extreme upsurge of impermeable surfaces, decrease of greenery, and canalization of rivers; these factors ultimately cause the unsustainable development of urban areas [8] . Therefore, it is undeniable that if the designing process of the urban landscape is not given enough attention in hot and humid areas, outdoor thermal discomfort is inevitable. At the present time, the current designs in the urban areas are not positively affected by the local climate and that results in the rise of outdoor thermal discomfort [9] . Due to the increase of the size of cities and the their effect on the environment, there is a need for the urban cities to divert their focus to restoring the balance of the ecosystem by using ecosystem services [7] . The high surface area of natural vegetation in the tropical regions is able to supply shade and evaporative cooling. A number of climatic areas have resorted to using vegetated roofs as a means of improving thermal comfort, reducing air pollution, reducing storm water runoff volume, and increasing runoff water quality [10] - [13] . In the same way, vegetation is able to contribute thermal benefits, eliminate air pollutants, reduce the release of carbon dioxide, and ease [14] . However, it is a complicated process to manipulate the ecosystems in urban areas. The environment and ecological systems are drastically altered to accommodate the construction of cities [13] , [15] . The responsibility of designing a climate-sensitive city is delegated to the developer, who has to strive to employ environmentally friendly designs with bioclimatic characteristics that are not damaging towards outdoor conditions. 'Bioclimatic' is defined as the relationship between the climate and life, especially how the climate is able to influence living things [6] , [14] .
II. HOT AND HUMID CLIMATE
The spatial key can be used to interpret and understand urban climates, observations, and modeling. A city's geographical setting, openness to synoptic events, proximity to water, and surrounding topography have an influence over the city's climate [2] . Until the 1930s, most research on urban climate changes were mainly descriptive; from then till 1965, studies have evolved to become more complex and involves investigating the relationship between climate effects to urban designs [16] . Generally, the surface and air temperature, relative humidity, solar radiation, and wind velocity are climatic factors that are able to alter the outdoor thermal comfort of an area. Therefore, it is deemed necessary for the local authorities and responsible parties to comprehend the relationship between these factors and the climate to determine the right methods and approaches to take to maintain the urban thermal environment. Previous studies in temperate countries have proven that by using the appropriate designs in urbanization, the climate changes were positive [3] . However, for hot and humid regions with various climatic changes and urban building designs, the daytime urban heat island (UHI) will aggravate the outdoor thermal discomfort. Few studies that were carried out in tropical regions have proven that in general, daytime UHI are more pronounced than nocturnal UHI (Fig. 2 ) [17] , [18] . Longer hours of sunshine in hot and humid tropical regions result in a higher intensity of solar radiation. This characteristic poses as a challenge for designers to incorporate climate-sensitive elements into urban designs so as to suit the varying climate and yield outdoor thermal comfort [6] . In comparison to temperate and subpolar regions, tropical regions are exposed to the negative effects of urban warmth throughout the year [19] . Characteristics of hot and humid tropical areas are uniform and constant temperature, high humidity, and low wind velocity; therefore, ventilation is critical in the tropics. Thermal comfort can be improved by increasing the flow of wind and area of shade through altering the geometrical design of buildings, such as the height and width, street orientation, and street width [19] - [21] . The high zenith sun angles in the tropics use the construction of canopies and awnings, and growth of vegetation in the geometry and design of buildings. The necessity and advantages of shading are apparent when the general weather patterns, typical dimensions of building blocks, and the activity patterns of people are taken into consideration [19] .
III. NATURAL SOURCES
The nature in urban regions are usually more consistent and similar in comparison to the natural surroundings in non-urban areas [12] . The function of nature should be assimilated into the design of urban buildings and administration of building constructions to raise the influence of natural elements, such as the flow of wind. During the 2000s, there was a sudden growth in the allotment of parks and open space according to its ratio to the available natural resources [22] - [24] . There is a certain norm and consistency in the arrangement and construction of buildings, for example, buildings downtown are usually built with greater height; lower residential densities are integrated with parks, green strips along streets, gardens, courtyards, and urban agriculture. In this current age, the services produced by urban ecosystems are directly linked to human activities [15] .
Urbanization and overdevelopment have caused the drastic modifications of flora and fauna, and the construction of buildings, roads, and infrastructure. Parks and vegetated open spaces are planted for decorative and aesthetics purposes according to predetermined objectives based on cultural beliefs and practices. Therefore, the design of urban nature is highly dependent on human activities and decisions [15] and the design of urban landscapes require bioclimatic elements. Numerous researchers, such as [21] , [25] , [26] , define the bioclimatic approach as the radical and comprehensive employment of natural vegetation, greenery, water bodies, and landscape design that are suited to climatic variability in urban areas. Vegetation and water bodies are commendable tools to reduce thermal discomfort because they are ecologically friendly, offer a high cooling effect, and encourage a pleasant and healthy living environment through climate adaptation [27] . Urban heat effects can be reduced and alleviated if a higher amount of green spaces are assimilated into developing an urban landscape [1] . Proper procedures and laws should be implemented as part of the decision-making and planning stage of urban development to boost good stewardship and competent use of natural resources [4] , [28] . Therefore, nature is a part of the complexity of cities, and each city has its own novel nature that humans have a role in creating and maintaining [29] , [30] . An expanding and flourishing society demands decent psycho-physical regeneration which can be established through relaying aesthetic and cultural values by placing water bodies and greenery strategically throughout the city [31] .
A. Plants and Vegetation
The atmosphere of the urban landscape needs appropriate planning and designing in order to establish a foundation for thermal improvement [9] . Certain factors that must be considered while planning urban areas with vegetation, such as the choice of plant materials, the arrangement of vegetation, and nativity of the urban space [9] . Hidayat (2010) explained that the endurance and capacity of plants to adapt and survive in its atmosphere is related to the nativity and characteristics of the area. He also clarified the reason vegetation has a higher impact on the cooling effect of 'green' landscapes compared to a heavy urbanized area, especially if there is also a body of water present. The ratio of greenery to the urban area has to be appropriate to offset the effects of thermal discomfort through vegetative cooling [32] . This view was supported by a study sponsored by the Forest Service on the tree canopy cover in urban landscapes [33] - [35] , and by other studies on watersheds and many urban ecosystem processes [36] - [39] . As for hot and humid climatic zones, many researchers [14] , [29] , [40] recognize the importance of solar shading in the design of urban structures because it can be used to keep heat gain at minimum levels and maximize coverage over urban surfaces [1] . As hot and humid tropics mainly require shading and solar filtration, Shahidan et al., (2010, 2011) and Hidayat (2010) asserts that it would be more favorable to plant trees that grow to have greater height, wider canopy, larger leaves, and thicker branch coverage to filter radiation [6] . Trees are the best tools to lower the urban temperature, whether planted individually or in masses, due to their transpiration process and morphological features. Vegetation can control and mitigate the decrease of temperature by providing shade, lowering ground and air temperature, filter solar radiation, provide ventilation, and diminish reflective glare as shown in Fig. 3 [1] , [41] . Sham (1990) researched the effects of vegetation in Kuala Lumpur, Malaysia, and concluded that in a hot afternoon, the overall temperature in an urban area could be reduced by 4°C to 5°C if there is a presence of dense vegetation. In Singapore, the difference of temperature between well-planted areas and the urban core can be up to a maximum of 4.01°C. Other researchers have noted that urban greening efforts like growing short vegetations also can alter urban temperature through transpiration [6] , [35] . Although heat island effects can raise the level of thermal discomfort, the strategic location and landscape of hot and humid tropics offers the potential of shading and transpirational [42] .
According to research, tropical trees are able to constrict the percentage of solar radiation, for example, the Messuaferrea (Ironwood Tree) can lower solar radiation by as much as 92.55%; while the Hurracrepitans (Indonesian Umbrella Tree), up to 79%. This reduces the ground surface temperature because the canopy protects the ground from direct sunlight and radiation. Hence, these natural characteristics serve as a means to regulate and control the urban climate, and therefore these benefits can be taken advantage of by landscape designers [1] . More attention and scrutiny has been given to the process of landscape design and the application of natural vegetation as mitigation methods to control the increase of urban thermal discomfort. Due to its ability to improve urban temperature with minimal expenditures [10] , natural vegetation can have passive effects onto urban designs (Yeang, 2006) . By integrating the scientific knowledge about vegetation and water bodies with the creativity and inventiveness of design, the landscape design approach can balance the ecosystem and counter the effects of urban thermal discomfort. In addition, the reduction of urban temperature by using landscape design can be enforced from the regional to the local or micro scale [3] ; thus, making it the most comprehensive mitigating approach to reduce heat island effects [6] .
B. Water Bodies
Other than the use of vegetation, water bodies can also be manipulated and designed according to the climatic needs of a particular region [6] . Water bodies are natural ecological structures which are made up of a volume of water and forms a physiographical feature [19] , [20] . Urban water bodies, situated among parks and residential areas, play a crucial role in the ecological system in urban cities [43] . The rate of evaporation on the surface of water bodies are affected by the geometrical characteristics, region, and the surrounding landscapes [44] . It is concluded that the water bodies' geometry, shape, and depth can influence the variations of the Urban Cool Island (UCI) intensity; however, it is negatively correlated to the UCI efficiency of water body area [35] , [44] . This means that even if the total area of water bodies is divided into several small water bodies, the benefits and positive effects will still remain the same. Besides that, the cooling potential of the water bodies is not dependent on the shape and depth of the volume of water [35] . Therefore, the effectiveness of cooling relies on the measurements of the water bodies and the threshold with landscape environments. These concerns are taken into consideration when designing a water feature in urban designs [6] . The role of urban water bodies are more apparent during hot summer days since it can contribute to human comfort by lowering the temperature of the surroundings and increase the humidity [43] . The presence of a shadow surface would also further magnify the cooling effects of water bodies. This proved the results of [44] which stated that there is a significant relationship between the location and exchange of thermal loads from water bodies and the surrounding landscape. Basically, the best method to provide cooling effects in high temperature locations is to have many 'wet surfaces' to maximize the evaporation rate [35] . If water bodies can be strategically placed to take advantage of air movement patterns at a local scale and more trees are planted around water bodies, the potential of cooling the environment is highly beneficial (Fig. 4) [21] . A study by Sun and Chen (2012) indicated that the mean temperature of water bodies was 29.49°C, which is lower than the green land (30.07°C) and built-up area (32.86°C). Urban water bodies can beautify the surroundings, maintain ecological systems, and improve human interactions in the urban city. However, most studies do not focus on their effect on human comfort [43] . 
IV. HUMAN COMFORT
Human comfort is a biometeorologyical parameter to assess the level and standard of comfort at various climate conditions. The concept of heat exchange between the human body and near-ground atmosphere is used to measure human comfort [43] . Cities are human creations which have a strong effect on ecological and geochemical modifications [45] . However, from a development and design point of view, the findings of previous studies are not directly applicable unless the human consequences of urban climate change are specified. Thus recently, climate-sensitive designers and landscape architects are paying more attention to the necessity of human comfort [8] . A sustainable city gives precedence to high quality of life and human health which can be achieved by maintaining a certain standard of environmental performance and ecosystem services [7] . According to several past studies, meteorological factors, especially temperature, have an influence over the human physiological condition. This is because most of the human bodily functions are dependent on the changes of the body temperature. Humidity is another factor that can cause the heat balance and body sensations to change when the temperature of the body is higher than 35.1°C, this is due to the sudden evaporation of sweat which alters the normal conditions of the human body [44] . Spatial organization is therefore very important when dealing with intense urban development because their effects can affect a city and its people in the long run, whether aesthetically, culturally, ecologically, or in terms of their standard of living and quality of health [7] .
V. CONCLUSION
In conclusion, vegetation should be selected due to their ecologically friendly nature and restorative properties instead of only for their aesthetic value, and the species of a plant should be selected according to the bioclimatic needs of a city. In addition, native vegetations assimilate easily into the local environment and require less attention and maintenance effort. However having said that, developers can still incorporate plants with beautification purposes but only if those plants can also actively contribute towards reducing urban temperature. City authorities usually do not plant trees and vegetation near urban water bodies due to human activity requirements, causing a reduction of the sun blocking effect. A greater height and density of trees can prevent direct solar radiation and create areas with better shade. Therefore, the effects of shading, regulating temperature and humidity are more prominent as the distance between trees and water bodies becomes closer. 
